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(54) Adaptive setting ol decision thresholds 

(57) A receiver In a digital conrvnunications system. 
In which the digital data occupy a number of levels, 
equalises the erroneous-count rates forthe various <teita 
levels by deriving the count rates for the levels, compar- 
ing these count rates with each otiier and using the 
comparison result to acjust the threshold level which Is 
used to detect the receK^ed data train. The error-counts 
are preferably derived as a byproduct of a Forward Error 



Correction system already available for performing nor- 
mal error coH'ection on the received datei. The receiver 
arrangement Is envisaged to find predominant applica- 
tion in a two-tevel system invohring logical '1*"s and 
"0"*6, though it Is applicable also to systems with three 
or more levels. 
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Descrlpfion 

[0001] The Invention relates to a communfcatlons 
receiver arrangement for the receipt of digital data, In 
particular, but not exduslveiy, digital data communl- s 
cated over an optical-fibre niedlum. 
[0002] Optical transmission systems require a con- 
version from electrical to' optical signals at the transmit 
end and from optical to electrical signals at the receive 
end. The receive end Is required to cany out a dock- to 
recovery and data-detecdon process, the latter provid- 
ing a discrimination between the logic levels Invoh/ed, 
I.e. logic "1 "'s and "C's In the two-level system nomnally 
employed. To achieve this it Is necessary for the 
receiver to generate a threshold level In order to detei^ is 
mine whether the Input signal Is at any one time a I" or 
a Due to the bw levels Involved at the receive end 
and the effects of noise and distortion, it is difficult to 
decide what the threshold level should be to produce 
reliabie detection. 20 
[0003] Rgure 1 illustrates this problem and shows 
on the leftfiand side the logilc levels of the tran^iltted 
signal. In which logte "I' Is at +5V and logic «0" is at 
slightly above OV, le. a difference of almost 5V between 
the two levels. In botii cases there will be a small 25 
amount of uncertainty In the l^ls due to noise. Due to 
non-Ideal transmission conditions down an optical llnk« 
by tiie &ne the signal reaches a receiver It might took 
more like the sttuafion on the rlghthand side of the draw- 
ing, where the difference between the two togiclevels is 30 
very much less than the original difference at transmis- 
sion. The difference due to distortion could be as littie 
as 200mV. ThehB Is also a pronounced lack of symmetry 
in the distortion effect, which is common In these conv- 
munlcations systems, if now the receiver has a fixed ss 
threshold level of around 2.5V or even higher, due to the 
larige amount of noise present- on tiie received signal 
and the much reduced difference in logic voltage levels, 
It is likely that some *1"s will drop below this threshold 
and be read as *X}"s. A fewer number oVVs will also be 40 
misread as *1 The result will be enors in data detect 
tlon, but more Importantly there will be inequalities In 
these errom; In the example given, there will be more 
false "0" readings than false "I" readings. It is consid- 
ered desirable to have a system In which the number of 4s 
errors for the two levels is approximately equal. 
[0004] In accontence with a first aspect of the 
invention, there is provided a communications receiver 
arrangement for the receipt of digital data, comprising: 
means for receiving digital data encoded In accordance so 
with multiple encoding levels; means for establishing 
one or more thresholds for detecting the multiple encod- 
ing levels, and means for detenmining the error rate 
assodated with each individual encoding Iwel, the 
threshold-establishing means comprising a threshold- ss 
optimisation means for optimising the one or more 
thresholds on the basis of tiie detemolned enor rates. 
[0005] The threshoU-optimisation means may com- 



prise nr^ans for comparing the various en^or rates and 
means for changing the one or more thresholds on the 
besis of the oonnparison result The comparing means 
may fomi a ratio between the various enxjr rates, In 
which case the threshoid-changlng means will vary the 
one or more thresholds until respective predetermined 
ratios are established between the error rates; alterna- 
tively, the comparing means may form a difference 
between tiie various enor rates, In which case the 
threshold-changing means will vary the one or mora 
threshokis until respective predetemilned differences 
are established between the error retes. The predeter< 
n^ned ratios may be approxknately unity and the differ- 
ences approxinf^ety zero. 

[0006] The number of encoding levels may be two. 
[0007] There may be a single threshold discriminat- 
ing between the two levels. A hysteresis Is preferably 
provided in the threshold in order to provide stability of 
corrtrol. 

[0008] Preferably the en'or rates are provided as a 
by-product of an error-con'eGtion system, e.g. a Fonvard 
Enpor Correction system. 

[0009] In a second aspect of ti>e Invention, a 
method for equalising the spurious-count rates for each 
of multiple data-encoding levels In a communteations 
receiver comprises: receiving data encoded In accord- 
ance with tiie multiple encoding levels, detemntnlng the 
q?ut1ous-count rates, and optimising, on the basis of tiie 
detemnlned spurious-count rates, one or more thresh- 
okis for detecting the multiple encoding levels^ 
[0010] Embodiments of the Invention will now be 
described, by of example only, witii the akl tA the 
aocompanylng drawings, of which: 

Rgure 1 is a diagram itiustrating the effect of noise 
and distortion on a fibre-transmitted cGgitat signal; 
Rgure 2 Is a btock diagram of a oommunlcaiions 
receiver arrangement In accordance witii the 
present invention for reducing error imbalance; 
Rgure 3 shows a icnown Forward Error Connection 
system which Is used In an embodiment of the 
Invention for reducing error imbalance; 
Rgure 4 illustrates a first embodiment of the Inven- 
tion using the Rjnward Enor Conrection system; 
Rgure 6 Illustrates a second embodiment of tiie 
invention using tiie Fonward Enor Correction sys- 
tem; 

Rgure 6 is a diagram showing in conceptual fomi a 
thrae-tevel digital communications arrangement; 
Figure 7 Is a block diagram of an embodiment of the 
invention as applied to the three-level arrangement 
of Rgure 6, and 

Rgure 8 Is a table of specimen enor-count figures 
to assist in an explanation of the mode of operation 
of the embedment of Rgure 7. 

IPOIII Refenring now to Rgure 2, ttie princpte of 
the invention in tiie case of a 2-leve1 communications 
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system will be explained. Rgure 2 Includes In block-dia- 
gram torn the principle components of a receiver for 
receiving transmitted s^nals containing data encoded 
under a two-level encoding system. The received input 
signal is fed to a level detection stage 20 which conv 
pares the Input signal with a threshold level on an input 
21. Input levels Ed^ove the threshold level are detected 
as logio-T's and those below are detected as toglc- 
"0"*s, The data are taken to further processing circuitry 
on an output 22. Providing the threshold level is a 
threshold-level generator 23. 
[0012] The present Invention adds to these bask? 
components an en-or-count generator 24, a comparison 
stage 25 and a subtraction stage 26. The error-count 
generator 24 monitors the data output and provides a 
separate count on two outputs 27, 28 of the number of 
spurious "Cs and the number of spurious T's (l.e. the 
nunrtber of erroneously read 'Ws and l^e, respec- 
tively). In operation, the enx>r counts are compared in 
the contparison stage 25 and the result of that compar- 
ison Is subtracted from a desired ccMnparison result on 
the input of the subtractor 26. Subtracter 26 thus out- 
puts an en^or signal e which is used to alterthe threshold 
level on an input 2g of the thrsshold generator 23. The 
system is set up so that tiie threshold level on the input 
21 of thelevel-detecfion stage 20 is varied In a direction 
such as to reduce the error signal e towanis zero. Thus 
there results a substantially equal error count on the 
outputs 27, 28 of the error-count generator 24. 
[0013] To mlnimtee the steady-state value of e, .the 
tmnsfer function of the threshold-generator stage 23 will 
be arrar^ed to have a sufficiently high gain, bearing In 
mind the exigencies of stability. 
[0014] This schematic arrangenrtent is advanta- 
geously realised In digital fonn, since the en'or counts 
will automattealfy be (figltal, rather than analogue. Thus 
the comparison stage 25 can be distal, as can also be 
the subtraction stage 26 and the threshold generator 
23. Of course, some parts of the circuit may alterna- 
tively be anak)guep e.g. the subtracter 26 and threshold 
gerieratpr 23, as may also be the threshoM level Itself 
on input 21. In that case the output of the comparison 
stage 25 will be fed to a digftal-to^nalogue converter 
before being takeri to the 8tft)tractor 26. The desired 
comparison result on the other Input of the subtracter 26 
will likewise be an analogue lever. 
[0015] A practk^ digital reaHsatlon of the arrange- 
ment of Rgure 2 employs a knovvn error-correction sys- 
tem to provide the enor counts. Increasing bit mtes on 
optkxJ transmission systems result In either Increased 
enior rates over a given distance, or con-espondingly 
shorter reaches for the same error rates, as noise and 
distortion effects become more pronounced. In order to 
address this problem, an error-oon^on system called 
Forward Enror Correction (FEC) has been devised. The 
basto FEC system Is illustrated in Figure 3. First a signal 
containing digital data Is produced in the block 50. Next, 
each word of tiie signal has added to it infomnation In 



the forni of ^er a wr^per, whteh brackets the word at 
its two ends, or a filler, whksh is inserted in spare loca- 
tions within the existing data (block 51). This additional 
infomnation uses established emor-con'ectton methods 

5 (e.g. Harrvning codes, Reed Solomon codes) to send 
Infdmiation relating to the signal. The data-loaded sig- 
nal containing tiie additional FEC Information is trans- 
mitted over a transmission networic52 and pteked up fc»y 
a receiver 53. The receh/ed signal Is data-detected and 

10 is also taken to a receive FEC stage 54 which extracts 
the additional information and uses ft to detect and also 
correct fbr errors In the receh/ed digital data stream. The 
result is a noticeable Innprovement in the peroelvad error 
perfomnance of the transmission medium 0n this case 

f5 an optical fibre). 

[0016] Very inportantiy, however, the FEC anange- 
ment in tiie receiver automatically provides an indica- 
tion of the number of spurious "O^s and "1"*fi tiiat have 
occunred in the detection process over a given period of 

20 time. These counts are then used as inputs to the com- 
parison stage 25 In Rgure 2. 

[0017] F^ure 4 shows an ernbodlment of the inven- 
tion involving the use of an FEC scheme as just 
described. The receiver comprises an optical-to-electri- 

25 cal converter stage 40 whkih converts the Incoming 
optlcaMibre light signal into an efectitcal ^gnal, this sig- 
nal being then level-detected In a level detector 20. A 
threshold generator 23 provides ti^e digital threshold 
value for tiie level detector 20. The level detector 20 

30 feeds an FEC stage 41 whose error counts feed two 
inputs A, B of a comparison stage In the fonm of a sub- 
tractor 42. A tilfrd input C is supplied a reference 
value. The subtractor output is used to control the Input 
of the variable threshold generator 23, the output of 

35 whidi supplies the tiireshold value for tiie level detector 
20. The subtactor 42 fomns the difference of the three 
quantities on Its inputs, l.e. A-6-C. Input C, the reference 
value, represents the desired difference between the 
two error counts, whtoh will normally be zero, though for 

40 any particular system the desired difference may be 
non-zero. 

[0016] An alternative way of realising this amange- 
ment is shown In Rgure 5. In this figure, instead of using 
a subtractor as the conr^arison stage, a divider is used 

4s which forms.the ratio of the two eror counts, le. a ratio 
A/B. Hie divider Is connected to a subtractor 43 which 
subtracts the desired ratio (nominally 1) from the quan- 
tity A/B and feeds the resulting enror signal e to the 
threshdd generator. 

50 [0019] In a practksal two-level system, tiie single 
threshold may be provided witii a measure of hysteresis 
in order to enhance the stability of the detection proc- 
ess. The hysteresis will be fixed, i.e. there will be a fbced 
difference between the high and low threshold levels, 

55 and ttiese voltage levels Will move up or down In tandem 
as the mean tiireshold level is adjusted to equalise the 
en'or bit rates. 

P020] The 1nventk>n Is not only applicable to two- 
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level data tansmlBGlon systems, but can be employed 
where any number of data levels are used Rgure 6 
shows a three-level system in which data may assume 
any of three discrete levels between two voltage rails: a 
"0* level between ground and a first threshold, TH,1, a 
level between the first threshold and a second 
threshold, TH.2, and a third level between the second 
threshold and a second supply rail (4-V). 
[0021] An arrangement for dealing with such a 
three*level system fs shown In Rgure 7. Rgure 7, which 
Is a three-levej version of the two-level Rgure 2 anange- 
meni. contains two control loops, one for each of the two 
thresholds concerned. Each loop comprises a compari- 
son stage (subtractor or divider) and a vaH^e thresh- 
old generator/The comparison stage for the first loop 
receives error-count values for the n)* and levels and 
that for the second loop receives error-count values for 
the and "2" levels. 

[0022] The acdon of this three-level scheme can be 
explained wltti reference to Rgure 6. In Rgure 8 it Is 
assumed that, initially, no enror^equallsation system is in 
place, 80 that the error counts of the three levels are dif- 
ferent In the example shovw^ (the count values are 
unrealistic and chosen purely for explanatory pur- 
poses), the *1 ' level has most errors with 20 counts, the 
"0* level has 12 counts and the ■2" tevel has the least 
number of errors at 7 counts. The two control loops take 
the difference of the "2" and "1" counts, on the one 
hand, and of the "1 " and "0" counts, on the other. This 
yields an input to the respective threshold generators 
60,61 of -13 and ^ counts. Generator 6018 thus driven 
hard in one direction, such as to bwer threshold 2 con- 
siderably, while generator 61 is driven more softly In the 
other direction, such as to raise threshold 1 somewhat 
less. As can be seen by bispecHon, lowering threshold 2 
signfncantly win have the effect of bringing quite a lot of 
data, which fell Into the •r category, up into the "2" cat- 
egory, while noising threshold 1 not so much will have 
the effect of bringing just a few data, which fell into the 
. '1' Category, down Into the "0" category. The eventual 
result toward which the system will converge Is that 
each level will end up wi^ the average of the three 
count values, i.e. 13 counts each. In practice, conver* 
genoe will occur over several sampling periods. 
[0023] As a practical consideration, since many 
transmission systems take a finite period to settle after 
any adjustment. It will usually be necessary to integrate 
the subtraction/ratio values over a suitable length of 
time to ensure convergence. 
[0024] As already stated, Implementation of the 
invention can be in a mixture of digital and analogue 
technologies, or Indeed In a mixture of hardware and 
software, as appropriate; Thus, comparison (subtrac- 
tion/division) and threshold acQustment oould be imple- 
mented In hardware, with the counts being stored within 
the hardware devbe and the values being compared 
within the hardware In order to generate the required 
threshold correction. Alternath^ely, tiie counts could be 



collected by software and the comparison process car- 
ried out In software, the software then conecting the 
thresholds. A software solufkm Is acc^stable despite 
potentially sk>wer response times, since most dlstor- 
5 ttons relevant to the invention on transmission systems 
are long-term phenomena and are not prone to rapid 
fluctuatk>ns. 
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Claims 

1. ^ A communications recehrer anrangement for the 

receipt of distal data, comprising: means for receiv- 
ing digital data encoded In accordance wKh multiple 
encoding levels; means for establishing one or 
more thresholds for detecting the multiple encoding 
levels, and means for detemiNng the error rate 
assodated with each individual encoding level, the 
threshokl-establishlng means comprising a thresh- 
old-optimisation means for optimising the one or 
more thresholds on the basis of the detemnlned 
error rates. 

2. Arrangennent as claimed in Claim 1 , wherein the 
threshold-optimisation means comprises n^ans for 
comparing the various enor rates and means for 
changing the one or more thresholds on the basis 
of the comparison result. 



. 3. Anangennent as claimed In Claim 2, wherein, In 
so use, the comparing means fomis a ratio between 
the various em>r rates and the threshold-changing 
means varies the one or mors thresholds until 
respective predetemiined ratios are established 
between the en:or rates. 

95 

4. Arrangement as claimed In Claim 3, wherein the 
predetermined ratk)s are all approximately unity. 

5. Arrangement as claimed In Claim 2, wherein, In 
40 . use, the comparing means forms a difference 

between the various en^ rates and the threshold- 
changing means varies the one or more thresholds 
untH respective predetennined differences are 
established between the error rates* 

45 

6. Amangement as claimed in Claim 5, wherein the 
predetemnlned diflerences are all approxInnateV 
zero. 

50 7. Arrangement as claimed In any one of the preced- 
ing dalms^ wherein the numt)er of encoding levels 
Is two. 

8. Armngentent as clawed In Claim 7, wherein there 
55 is asingle threshold discriminating between the two 

levels* 

9. Arrangement as claimed In Claim 8, wherein a hys- 
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teresls Is provided In said threshold in order to pro- 
vide stability of control. 

10. Arrangement as claimed in any one of the preced- 
ing clEdms, wherein the error rates are provided as s 
a by-product of an enror-oorrectlon system. 

11. Arrangement as claimed In Claim 10, wherein the 
eiror-correcdon system Is a Forward Error Con-eo- 
tion system. io 

12. Communications receWer arrangement for the 
receipt of digital data, substantially as shown in, or 
as hereinbefore descrlt)ed with reference to, Fig- 
ures 3, 5, 6 or 8 of the drawings. is 

13. Method for equalising the ^urious-ccunt rates for 
each of multiple data-encoding levels in a convnu- 
ntcations receiver, comprising: receiving data 
encoded In accordance with the mul^le encoding 20 
levels, detennlnlng the spurious-count rates, and 
optimising, on the basis of the detemiined spur^ 
ous-count rates, one or more thresholds for detect- 
ing the multiple encoding levels. 

25 

14^ Method as claimed in Cla^ 13, wherein the optinrii- 
sation of the one or more thresholds comprises the 
formation of a ratio of the various count rates and 
varying the one or more thresholds until re^ectlve 
predetermined ratios are established between the 
count rates. 

15. Method as claimed In Claim 1 4, wherein the prede- 
termined ratios are all approximately unity. 

16. Method as claimed In Claim 13, wherein the optimi- 
sation of ttie one or more thresholds connprises the 
formation of a difference between the various count 
rates and varying the one or more thresholds until 
respective predetermined differences are estat>- 40 
Hshed between tiie count rates. 

17. Method as claimed in Claim 16, wherein the prede- 
termined differences are all apprQ)dmately zero. 

45 

16. Method as claimed in any one of Claims 13 to 17, 
wherein the spurious-count rates are determined 
as a b^roduct of an error-correction process. 

19. Method as claimed In Claim 18, wherein the en-or- so 
conectlon process is a Fonvard En'or Con-ection 
process. > 

20, Method for equalising the spurlous-oount rates for 
each of multiple data-encoding levels in a commu- 55 
nications receiver, substantially as hereinbefore 
described. 
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(54) Adaptive setting of decision thresholds 

(57) A receiver for digital signals equalises ttie 
counted number of errors for each of the levels the sig- 
nals may assume, by adjusting decision thresholds. The 
numbers of errors for each level are preferably derived 



from estimates which are used for en'or corection de- 
coding. While It is envisaged that such an arrangement 
will be used mainly for the reception of binary signals, it 
is also applicable to the reception of signals with more 
than two levels. • 
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